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(57) ABSTRACT 
Methods and apparatus are described where loading infor 
mation regarding loading conditions at a neighboring base 
station is received at a first base station and then commu 
nicated, e.g., broadcast, by the first base station to mobiles 
within the cell in which the first base station is located. Since 
the neighbor base station's loading information is being 
communicated to a mobile currently connected to the first 
base station via a reliable communications channel of the 
first base station, the mobile can be expected to be able to 
reliably recover loading factor information corresponding to 
not only the first base station but to the neighboring base 
station. By utilizing Such loading factor information, the 
mobile can generate an improved uplink interference report. 
The first base station receives such interference reports from 
wireless terminals in its cell, facilitating efficient resource 
allocation and interference control. 
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METHODS AND APPARATUS FOR 
BROADCASTING LOADING INFORMATION 
CORRESPONDING TO NEIGHBORING BASE 

STATIONS 

RELATED APPLICATIONS 

0001. This application is continuation-in-part of U.S. Ser. 
No. 1 1/251,069 filed Oct. 14, 2005, a continuation-in-part of 
U.S. patent application Ser. No. 11/302.709 filed Dec. 14, 
2005, a continuation-in-part of U.S. patent application Ser. 
No. 1 1/486,714 filed Jul. 14, 2006 and a continuation-in-part 
of U.S. application Ser. No. 11/487,017 filed Jul. 14, 2006 
each of which is hereby incorporated by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to wireless commu 
nications systems and, more particularly, to method and 
apparatus for communicating, collecting, measuring, report 
ing and/or using information which can be used for inter 
ference control purposes and/or load management in a 
wireless communications system. 

BACKGROUND 

0003. In a wireless multiple access communication sys 
tem, wireless terminals contend for system resources in 
order to communicate with a common receiver over an 
uplink channel. An example of this situation is the uplink 
channel in a cellular wireless system, in which wireless 
terminals transmit to a base station receiver. When a wireless 
terminal transmits on the uplink channel, it typically causes 
interference to the entire system, e.g., neighboring base 
station receivers. Since wireless terminals are distributed, 
controlling the interference generated by their transmission 
is a challenging problem. 
0004 Many cellular wireless systems adopt simple strat 
egies to control uplink interference. For example CDMA 
voice systems (e.g., IS-95) power control wireless terminals 
in Such a manner that their signals are received at the base 
station receiver at approximately the same power. State-of 
the-art CDMA systems such as 1xRTT and 12xEV-DO allow 
to wireless terminals to transmit at different rates, and be 
received at the base station at different powers. However, 
interference is controlled in a distributed manner which 
lowers the overall level of interference without precisely 
controlling those wireless terminals that are the worst 
Sources of interference in the system. 
0005 Existing interference-control approaches can be 
useful but interference continues to limit the uplink capacity 
of wireless systems and new and/or improved interference 
control methods would be useful. 

0006. It would be useful if a base station could be 
provided with information that could be used in determining 
the amount of signal interference that will be created in 
neighboring cells and/or sectors when a transmission occurs 
and/or determining the amount of interference a wireless 
terminal is likely to encounter due to signal interference. It 
would be particularly desirable if information which can be 
used for interference determination purposes could be Sup 
plied by one or more wireless terminals to a base station. 
0007 Loading affects interference considerations in a 
wireless communications system. It would be beneficial if in 
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Some, but not necessarily all implementations, such infor 
mation was available to wireless terminals and/or base 
stations. It could also be beneficial if wireless terminals 
and/or base stations were to utilize such loading information 
in determining interference levels. Accordingly, there is a 
need for new methods and/or apparatus for communicating 
and/or using loading interference information for interfer 
ence control purposes. 
0008. A wireless terminal currently connected and syn 
chronized with respect to one base station attachment point 
may be readably able to receive detailed characteristic 
information being broadcast from the base station to which 
it has a current connection; however, the wireless terminal 
may have difficulty recovering information from other, e.g., 
adjacent base stations. If a wireless terminal could be 
expected to be able to recover loading information about the 
base stations in its vicinity, Such information could be used 
in a well controlled interference report. It would be benefi 
cial if methods and apparatus facilitated the reliable delivery 
to such a wireless terminal of loading information from a 
plurality of base stations in its current vicinity. 

0009. Some communications systems may use a central 
ized control approach, e.g., using a core node, to manage 
interference and/or load balance; however, Such an approach 
is subject to signaling and processing delays, and may limit 
the amount of information that can be reasonably commu 
nicated to the core node. Thus a core node approach used in 
some systems may tend to be sluggish or unable to quickly 
adapt to changing conditions resulting in efficient allocation 
SOUCS. 

0010. In view of the above discussion, it should be 
appreciated that there is a need for improvements in com 
munication of information which can be used in controlling 
interference and/or new and improved interference manage 
ment techniques. 

SUMMARY 

0011 Various embodiments are directed to methods and 
apparatus for communicating, collecting, measuring, report 
ing and/or using information which can be used for inter 
ference control purposes and/or loading management. Meth 
ods and apparatus are described where loading information 
regarding loading conditions at a neighboring base station is 
received at a base station and then used and/or communi 
cated to mobile nodes within the cell in which the receiving 
base station is located. Thus, a base station may communi 
cate information abut the loading at the particular base 
station as well as loading at neighboring base station, e.g., 
physically adjacent base stations. It is beneficial if a mobile 
node is able to reliably receive loading factor information 
corresponding to not only the base station to which it is 
attached but from other base stations in its current vicinity 
in the communications system so that it can take Such 
loading into consideration when generating interference 
reports and/or making various decisions. Thus, information 
about loading at adjacent base stations can be used to 
improve interference control. For example, a mobile node, 
in various embodiments, generates uplink interference 
reports such as beacon ratio reports, as a function of received 
known signals, e.g., beacon and/or pilot channel signals, 
from its own base station and form other, e.g., adjacent base 
stations. The interference reports, in Some embodiments, 
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also utilize base station loading information, when available, 
to calculate more accurate reports. By improving the like 
lihood that a wireless terminal will be able to successfully 
recover and use adjacent base station loading information in 
generating an interference report, a more tightly controlled 
interference report is generated. As a result, interference 
and/or load management by a base station receiving Such 
reports can be more efficient. 

0012. In accordance with various embodiments, a base 
station communicates its loading factor information to adja 
cent base stations, e.g., via a backhaul network. A base 
station receives communicated loading information from 
adjacent base stations and broadcasts its own loading factor 
as well as the loading factors corresponding to adjacent base 
stations. Thus loading factor information from a plurality of 
base stations in a local vicinity of the communications 
system is made readily available to a mobile node, facili 
tating improved interference control. This overcomes diffi 
culties of a mobile node directly receiving Such loading 
information from a base station other than the one with 
which it has a communications link. It should be appreciated 
that a mobile node in a wireless communication system may 
be currently connected and synchronized with respect to a 
first base station. Such a mobile node may be typically able 
to reliably receive broadcast information from that particular 
base station. However, Such a mobile node may or may not 
be able to reliably recover broadcast information from an 
adjacent base station. For example, the wireless terminal 
may be able to detect and measure high power beacon 
signals but may be unable to recover other control informa 
tion broadcast signals from an adjacent base station. By 
having base stations transmit information about the loading 
at neighboring base stations, in accordance with various 
embodiments, the problem of a mobile having to receive 
such information directly over the air from the neighboring 
base station is overcome. 

0013 An exemplary method of operating a first base 
station in a wireless communications system including a 
plurality of base stations, each base station including at least 
one base station attachment point, includes: receiving sec 
ond base station loading factor information indicative of 
loading of a second base station attachment point corre 
sponding to a second base station; and broadcasting at least 
Some of said second base station loading factor information. 
An exemplary first base station for use in a multiple access 
wireless communications system including a plurality of 
base stations, each of said plurality of base station including 
at least one base station attachment point, includes: a first 
receiver for receiving second base station loading factor 
information indicative of loading of a second base station 
attachment point corresponding to a second base station; and 
a transmitter module for broadcasting at least some of said 
received second base station loading factor information. 

0014 While various embodiments have been discussed 
in the Summary above, it should be appreciated that not 
necessarily all embodiments include the same features as 
some of the features described above are not necessary but 
can be desirable in some embodiments. Numerous addi 
tional features, embodiments and benefits of the present 
invention are discussed in the detailed description which 
follows. 
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BRIEF DESCRIPTION OF THE FIGURES 

0015 FIG. 1 is a drawing of an exemplary wireless 
communications system implemented in accordance with 
various embodiments. 

0016 FIG. 2 is a drawing illustrating exemplary signal 
ing including loading factor information being communi 
cated from/to base stations over the backhaul network in 
accordance with various embodiments. 

0017 FIG. 3 is a drawing illustrating exemplary broad 
cast signaling being transmitted from the base stations of the 
system of FIG. 1 in accordance with various embodiments. 
0018 FIG. 4 is a drawing illustrating exemplary wireless 
terminal interaction with various base stations in its vicinity 
in regard to exemplary uplink interference reports in accor 
dance with various embodiments. 

0019 FIG. 5 is a drawing of an exemplary wireless 
communications system in accordance with various embodi 
ments, illustrating the exchange of base station loading 
factor information between adjacent base stations via the 
backhaul. 

0020 FIG. 6 is a drawing of an exemplary wireless 
communications system in accordance with various embodi 
ments, illustrating the exchange of base station loading 
factor information between adjacent base stations with an 
exemplary wireless terminal which is connected to both base 
stations providing a communications path. 
0021 FIG. 7 is a drawing of an exemplary base station in 
accordance with various embodiments. 

0022 FIG. 8 is a drawing of an exemplary wireless 
terminal in accordance with various embodiments. 

0023 FIG. 9 is a drawing of a table illustrating exemplary 
uplink loading factor information. 
0024 FIG. 10 is a drawing of a table illustrating the 
format for an exemplary uplink interference report. 
0025 FIG. 11 is a drawing of a flowchart of an exemplary 
method of operating a base station in accordance with 
various embodiments. 

0026 FIG. 12 comprising the combination of FIG. 12A 
and FIG. 12B is a drawing of a flowchart of an exemplary 
method of operating a base station in accordance with 
various embodiments. 

DETAILED DESCRIPTION 

0027 FIG. 1 is a drawing of an exemplary wireless 
communications system, e.g., a multiple access orthogonal 
frequency division multiplexing (OFDM) wireless commu 
nications system. Exemplary communications system 100 
includes a plurality of base stations (BS 1101, BS 2102, BS 
3103, BS 4104, BS 5105, BS 6106, BS 7107, BS 8108, BS 
9109, BS 10110, BS 11111, BS 12112, BS 13113, BS 14114, 
. . . . BSN 115). Each base station has a corresponding 
wireless coverage area, e.g., a cellular coverall area Sur 
rounding the base station. Cellular coverage area of adjacent 
base stations may, and generally do, overlap. The base 
stations of system 100 may be single sector base stations, 
multi-sector base stations, or a combination of some single 
sector base stations, multi-sector base stations. Each sector 
of a base station corresponds to at least one carrier and one 
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downlink/uplink tone block pair. In addition each sector of 
a base station may, and sometimes does correspond to 
multiple carriers and/or multiple sets of downlink/uplink 
tone block pairs. Each downlink/uplink tone block pair 
being used by a base station sector corresponds to a base 
station attachment point. 

0028. The base stations (101, 102, 103, 104, 105, 106, 
107, 108, 109, 110, 111, 112, 113, 114, 115) of system 100 
are coupled together via a backhaul network. Exemplary 
system 100 also includes a plurality of network nodes, e.g., 
routers, (116, 117, 118, 119) which are coupled to the base 
stations. In system 100 network node 116 is coupled to 
(BS1101, BS2102, BS4104, BS 5105, BS 7107, network 
node 117, network node 118) via network links (123, 122, 
126, 124, 125, 127, 121), respectively. Network node 117 is 
coupled to (BS10110, BS11111), via network links (138, 
137), respectively. Network node 118 is coupled to (BS3103, 
BS6106, BS8108, BS9109, network node 119) via network 
links (128, 129, 130, 131, 132), respectively. Network node 
119 is coupled to (BS12112, BS13113, BS 14114, BSN 115) 
via network links (133, 139,134, 135, respectively. Network 
node 118 is also coupled to other network nodes and/or the 
Internet via network link 122 Network links (121, 122, 123, 
124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 
137, 138, 139) may be, e.g., fiber optic links, wire links, 
and/or wireless links. 

0029. The wireless communications system 100 also 
includes a plurality of wireless terminals (WT 1140, . . . . 
WTN 141), e.g., mobile nodes, which may move throughout 
the communications system and use a base station attach 
ment point in a region in which it is currently located. In this 
example, WT 1140 is shown being coupled to BS 5105 via 
wireless link 142, and WTN 141 is shown being coupled to 
BS 11111 via wireless link 143. It is to be understood that in 
general, each base station typically has a plurality of wire 
less terminals connected and using its attachment point or 
points. The current load on any given attachment point will 
typically change over time as a function of a number of 
factors including the number of wireless terminals using the 
attachment point and/or amount of data/information, e.g., 
traffic to be communicated. 

0030 Although two exemplary wireless terminals are 
shown in the system of FIG. 1, it is to be understood that 
system 100 generally includes a much larger number of 
wireless terminals concurrently operating and competing for 
air link resources, such as uplink traffic channel segments. 
The loading at a particular base station varies over time as 
a function of the number of wireless terminals currently 
using that base station to for network attachment, the type of 
Such wireless terminals, the applications being used by Such 
wireless terminals, and/or the current air link needs of such 
wireless terminals. For example, one base station may be 
heavily loaded due to a large number of concurrent users 
each using a small amount of uplink air link traffic channel 
segments per unit time, e.g., a large number of concurrent 
VoIP calls in process. Another base station may be heavily 
loaded by a small number of concurrent uses, but each user 
needing a large amount of air link resources per unit time, 
e.g., a small number of wireless terminals needing a large 
amount of uplink air link resources per unit time to send a 
digitized high resolution image stream signals. Still another 
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base station may be lightly loaded, e.g., due to location 
and/or time of day and a very small number of concurrent 
USCS. 

0031 FIG. 2 is a drawing 200 illustrating exemplary 
signaling being communicated over the backhaul network in 
accordance with various embodiments. In accordance with 
various embodiments, at least some of the base stations in 
the system exchange loading information, e.g., uplink load 
ing factor information, to facilitate improved interference 
management and better allocation of air link resources. In 
exemplary system 100 of FIG. 1, each base station commu 
nicates its own determined uplink loading factor to each of 
the adjacent base stations in the system 100, e.g., on an 
ongoing basis. In some embodiments, uplink loading factors 
may be communicated between base stations in accordance 
with a schedule, e.g., a recurring schedule. In some embodi 
ments, uplink loading factors may be communicated 
between base station in response to a request or command, 
e.g., from/to another base station. In some embodiments, 
uplink loading factors may be communicated between base 
Station in response to a condition occurring, e.g., a change in 
a determined loading factor or the determined loading factor 
exceeding a limit. In some embodiment, a base station may 
sent out its loading factor, e.g., to selected adjacent base 
stations, when it determines a high level of loading. 
0032 Base station 1101 transmits its uplink loading 
factor via signals 201 and receives uplink loading factors 
corresponding to base stations 2, 4, and 5 via signals 202, the 
signals 201 and 202 being communicated via network link 
123. Base station 2102 transmits its uplink loading factor via 
signals 203 and receives uplink loading factors correspond 
ing to base stations 1, 3, 5, and 6 via signals 204, the signals 
203 and 204 being communicated via network link 122. 
Base station 3103 transmits its uplink loading factor via 
signals 205 and receives uplink loading factors correspond 
ing to base stations 2, and 6 via signals 206, the signals 205 
and 206 being communicated via network link 128. Base 
station 4104 transmits its uplink loading factor via signals 
207 and receives uplink loading factors corresponding to 
base stations 1, 5, and 7 via signals 208, the signals 207 and 
208 being communicated via network link 126. Base station 
5105 transits its uplink loading factor via signals 209 and 
receives uplink loading factors corresponding to base sta 
tions 1, 2, 4, 6, 7, and 8 via signals 210, the signals 209 and 
210 being communicated via network link 124. Base station 
6106 transmits its uplink loading factor via signals 211 and 
receives uplink loading factors corresponding to base sta 
tions 2, 3, 5, 8 and 9 via signals 212, the signals 211 and 212 
being communicated via network link 129. Base station 
7107 transmits its uplink loading factor via signals 213 and 
receives uplink loading factors corresponding to base sta 
tions 4, 5, 8, 10 and 11 via signals 214, the signals 213 and 
214 being communicated via network link 125. base station 
8108 transmits its uplink loading factor via signals 215 and 
receives uplink loading factors corresponding to base sta 
tions 5, 6, 7, 9, 11, and 12 via signals 216, the signals 215 
and 216 being communicated via network link 130. Base 
station 9109 transmits its uplink loading factor via signals 
217 and receives uplink loading factors corresponding to 
base stations 6, 8, and 12 via signals 218, the signals 217 and 
218 being communicated via network link 131. Base station 
10110 transmits its uplink loading factor via signals 219 and 
receives uplink loading factors corresponding to base sta 
tions 7, 11, and 13 via signals 220, the signals 219 and 220 
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being communicated via network link 138. Base station 
11111 transmits its uplink loading factor via signals 221 and 
receives uplink loading factors corresponding to base sta 
tions 7, 8, 10, 12, 13 and 14 via signals 222, the signals 221 
and 222 being communicated via network link 137. Base 
station 12112 transmits its uplink loading factor via signals 
223 and receives uplink loading factors corresponding to 
base stations 8, 9, 11, 14 and N via signals 224, the signals 
223 and 224 being communicated via network link 133. base 
station 12113 transmits its uplink loading factor via signals 
225 and receives uplink loading factors corresponding to 
base stations 10, 11 and 14 via signals 226, the signals 225 
and 226 being communicated via network line 139. Base 
station 14114 transmits its uplink loading factor via signals 
227 and receives uplink loading factors corresponding to 
base stations 11, 12, 13 and N via signals 228, the signals 
227 and 228 being communicated via network link 134. 
Base station N 115 transmits its uplink loading factor via 
signals 229 and receives uplink loading factors correspond 
ing to base stations 12 and 14 via signals 230, the signals 229 
and 230 being communicated via network link 135. Note 
that a given base station and one of its adjacent base stations 
may or may not be connected through a single network 
router. For example, in FIG. 1, base stations 2 and 3 are 
connected with two different network routes, though the two 
base stations are adjacent and exchange loading information 
between them as shown in FIG. 2. 

0033. It is to be understood that signals conveying load 
ing factors via the backhaul may include one or more 
loading factors. For example signals 202 may include sepa 
rate signals, e.g., separate messages, for each of BS 2 
loading factor, BS 4 loading factor, and base station 5 
loading factor. Alternatively, signals 202 may include load 
ing factors for BS 2, 4, and 5 in a single message. 
0034 FIG. 3 is a drawing 300 illustrating exemplary 
broadcast signaling being transmitted from each of the base 
stations of system 100 of FIG. 1, e.g., in accordance with a 
recurring schedule. Operations of the base stations need nor 
be, and generally are not timing synchronized with respect 
to one another. For example, WT 1140, which is currently 
connected to BS 5105 as shown in FIG.1 may not be timing 
synchronized with respect to other adjacent base stations 
such as base station 2102 and base station 6106. In the 
example of FIG. 3, each base station transmits broadcast 
signals including beacon signals, pilot channel signals, and 
uplink loading factor signals. The characteristics of the 
beacon signals are Such to facilitate easy detection, even by 
wireless terminals which may not be precisely synchronized 
with the base station which transmitted the beacon signal 
and/or are experiencing poor channel conditions with 
respect to the base station transmitting the beacon signal. For 
example, the beacon signal is, in some embodiments, a 
relatively high power signal with a concentration of energy 
on one or a few tones and the width of the beacon signal is 
larger than a typical OFDM symbol signal, e.g., the beacon 
signal is two OFDM symbols wide with an initial symbol 
portion and an extension portion. Pilot signals are transmit 
ted, in this embodiment, at a lower per tone power than the 
beacon signals, are transmitted more frequently than beacon 
signals and follow predetermined tone hopping patterns. 
Uplink loading factor broadcast signals are communicated 
as part of broadcast information signals. A single broadcast 
signal communicating uploading loading factor information 
may communicate one or more uplink loading factors. A 
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wireless terminal timing synchronized with a base stations 
downlink signaling and having good channel conditions, 
e.g., a wireless terminal currently connected to a base station 
attachment point and experiencing good channel conditions, 
should be able to recover the uplink loading factor broadcast 
signals. However, a wireless terminal using an adjacent base 
station attachment point may or may not be able to Success 
fully recover the broadcast uplink loading factor signals 
from a base station to which it is not currently connected, 
even though it may be able to recover and evaluate beacon 
signals and/or pilot channel signals. 
0035) In accordance with a feature of various embodi 
ments, a base station broadcasts its own uplink loading 
factor and uplink loading factors corresponding to other, 
e.g., adjacent, base stations. Thus a wireless terminal need 
not have to rely on attempting to recover uplink loading 
factors from base stations to which it is not currently 
connected. Thus, wireless terminals can be more likely to 
receive current uplink loading factor information corre 
sponding to the various base stations in its current location, 
and can use Such information to generate more useful uplink 
interference reports, e.g., more precise beacon ratio reports. 
For example, if the wireless terminal were able to receive the 
loading factor corresponding to its current point of network 
attachment, but were not able to receive a loading factor 
corresponding to an adjacent base station, the wireless 
terminal might have to use a default value for the unrecov 
ered uplink loading in calculating a beacon ratio report. The 
default factor might typically be chosen to take a conserva 
tive approach, thus the interference report might potentially 
higher interference than would actually be generated. How 
ever, if the wireless terminal were able to obtain each of the 
loading factors needed for the interference report, a better 
and more controlled interference report could be generated 
and communicated to the base station for better interference 
management and more efficient allocating of air link 
resources by the base station. 
0036 Base station 1101 broadcasts beacon signals 302, 
pilot signals 301, and signals 303 conveying uplink loading 
factors corresponding to base stations 1, 2, 4, and 5. Base 
station 2102 broadcasts beacon signals 305, pilot signals 
304, and signals 306 conveying uplink loading factors 
corresponding to base stations 1, 2, 3, 5 and 6. Base station 
3103 broadcasts beacon signals 308, pilot signals 307, and 
signals 309 conveying uplink loading factors corresponding 
to base stations 2, 3, and 6. Base station 4104 broadcasts 
beacon signals 311, pilot signals 310, and signals 312 
conveying uplink loading factors corresponding to base 
stations 1, 4, 5, and 7. Base station 5105 broadcasts beacon 
signals 314, pilot signals 313, and signals 315 conveying 
uplink loading factors corresponding to base stations 1, 2, 4, 
5, 6, 7 and 8. Base station 6106 broadcasts beacon signals 
317, pilot signals 316, and signals 317 conveying uplink 
loading factors corresponding to base stations 2, 3, 5, 6, 8 
and 9. Base station 7107 broadcasts beacon signals 320, 
pilot signals 319, and signals 321 conveying uplink loading 
factors corresponding to base stations 4, 5, 7, 8, 10 and 11. 
Base station 8108 broadcasts beacon signals 323, pilot 
signals 322, and signals 324 conveying uplink loading 
factors corresponding to base stations 5, 6, 7, 8, 9, 11 and 12. 
Base station 9109 broadcasts beacon signals 326, pilot 
signals 325, and signals 327 conveying uplink loading 
factors corresponding to base stations 7, 8, 9, and 12. Base 
station 10110 broadcasts beacon signals 329, pilot signals 
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328, and signals 330 conveying uplink loading factors 
corresponding to base stations 7, 10, 11, and 13. Base station 
11111 broadcasts beacon signals 332, pilot signals 331, and 
signals 333 conveying uplink loading factors corresponding 
to base stations 7, 8, 10, 11, 12, 13 and 14. Base station 
12112 broadcasts beacon signals 335, pilot signals 334, and 
signals 336 conveying uplink loading factors corresponding 
to base stations 8, 9, 11, 14 and N. Base station 13113 
broadcasts beacon signals 338, pilot signals 337, and signals 
339 conveying uplink loading factors corresponding to base 
stations 10, 11, 13, and 14. Base station 14114 broadcasts 
beacon signals 331, pilot signals 330, and signals 332 
conveying uplink loading factors corresponding to base 
stations 11, 12, 13, 14, and N. Base station N115 broadcasts 
beacon signals 344, pilot signals 343, and signals 345 
conveying uplink loading factors corresponding to base 
stations 12, 14, and N. 

0037 FIG. 4 is a drawing 400 illustrating exemplary 
wireless terminal 1140 interaction with various base stations 
in its vicinity. Wireless terminal 1140 is currently connected 
to base station 5105 which it is using as its point of network 
attachment. Wireless terminal 1140 is currently an On state 
active user with respect to base station 5105, is timing 
synchronized with respect to base station 5105, has been 
allocated an On state identifier by base station 5105, and has 
been allocated uplink dedicated control channel segments 
over which to communicate control information reports to 
base station 5105. The control channel reports to be com 
municated to base station 5105 include uplink interference 
reports, e.g., beacon ratio reports. Various interference 
reports, e.g., beacon ratio reports, compare the received 
power level of signals from the current attachment point to 
the received power levels of signals from one or more other, 
e.g., adjacent, base stations, and the reports also, in some 
embodiments, include uplink loading factor values, e.g., 
gain adjustment values to take into consideration the loading 
levels of the base stations. 

0038 Wireless terminal 1104 receives beacon signals 
(302, 305, 311, 314, 317, and 323) from base stations 
(BS1101, BS2102, BS4104, BS5105, BS6106, BS8108), 
respectively. Due to the nature of the beacon signals, the 
wireless terminal is able to obtain a received power mea 
surement level determination for each of base stations (101, 
102, 104, 105, 106 and 108) even though the wireless 
terminal is not precisely synchronized with base station 1, 2, 
4, 6, and 8. The wireless terminal 140 also receives and 
evaluates pilot channel signals 313 from base station 5105. 
In addition the wireless terminal 140 receives uplink loading 
factor information corresponding to base stations (1, 2, 4, 5, 
6, 7, and 8) from broadcast information signals 312 from 
base Station 105. 

0.039 The wireless terminal, uses received information to 
generate uplink interference report, e.g., various types of 
beacon ratio reports, which are communicated via uplink 
signals to base station 5105. base station 5105 uses the 
received uplink interference reports in managing overall 
interference, making scheduling decisions, determining 
maximum uplink data rates, determining uplink power con 
trol information, and/or making handoff decisions. In addi 
tion, the uplink loading factor information determined by the 
base station 5105 and/or the uplink loading factor informa 
tion received by base station 5 via the backhaul network is, 
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in some embodiments, used directly by base station 105 as 
an input in making various scheduling, control, and/or 
handoff decisions decisions. 

0040. One type of exemplary beacon ratio report is, in 
Some embodiments, a specific beacon ratio report, compar 
ing the current attachment point base station to another, e.g., 
a selected adjacent base station. For example, base station 
5105 may transmit a specific beacon ratio report comparing 
BS 5105 to BS 6106. Under such conditions, the wireless 
terminal 140 uses received beacon signal 317 measurement 
information, at least one received beacon signal 315 mea 
surement information and received pilot channel signal 313 
measurement information, and uplink loading factor infor 
mation corresponding to base 5 and base station 6 received 
in signals 312 in determining an uplink interference report. 
0041 Another type of exemplary beacon ratio report is, 
in Some embodiments, a generic beacon ratio report, com 
paring the current attachment point base station to a com 
posite of other base station broadcast signals which are 
detected. For example, base station 5105 may transmit a 
generic beacon ratio report comparing BS 5105 to a com 
posite of information from BS 1101, BS 2102, BS 4104, BS 
5105, BS 6106 and BS 8108. Under such conditions, the 
wireless terminal 1140 uses received beacon signals 302 
measurement information, received beacon signals 305 mea 
Surement information, received beacon signals 311 measure 
ment information, received beacon signals 317 measurement 
information, received beacon signals 323 measurement 
information, at least one of received beacon signal 314 
measurement information and received pilot channel signal 
313 measurement information, and uplink loading factor 
information corresponding to base stations 1, 2, 4, 5, 6, 8 
received in signals 312 in determining an uplink interference 
report. 

0042 FIG. 5 is a drawing of an exemplary wireless 
communications system 500, e.g., an OFDM communica 
tions system, illustrating the communication of base station 
loading factor information, e.g., uplink loading factor infor 
mation, between base stations via a backhaul network and 
illustrating an exemplary base station broadcasting its own 
loading factor information and loading factor information 
corresponding to other, e.g., adjacent base stations. Exem 
plary system 500 includes a plurality of base stations (BS 
1501, BS 2502, BS3503, BS 4504, BS 5505, BS 6506, BS 
7507, BS 8508, BS 9509, BS 10510, BS 11511, BS 12512, 
BS 13513, BS 14514, and BSN 515 coupled together and 
coupled to other network nodes via a backhaul network as 
shown in FIG. 5. Legend 524 indicates that solid lines 526 
in FIG. 5 represent backhaul network infrastructure, e.g., 
network links. 

0043 System 500 includes a plurality of wireless termi 
nals (wireless terminal 1516,..., wireless terminal N518). 
The wireless terminals may be distributed through the 
system 500 with base station loading, e.g., base station 
attachment point uplink loading, varying across the system. 
For a given base station, the base station determines its own 
base station attachment point loading. 
0044) Wireless terminal 1516 is currently connected to 
BS 5505 via wireless link 520, while wireless terminal 518 
is currently coupled to base station 11511 via wireless link 
522. base station 5505 transmits its loading factor to its 
adjacent base stations (BS 1502, BS 2502, BS 4504, BS 
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6506, BS 7507, BS 8508) via signals (528, 534, 530, 536, 
532, 538), respectively, via the backhaul network. Base 
station 5505 receives loading factor information from (BS 
1502, BS 2502, BS 4504, BS 6506, BS 7, BS 8508) 
corresponding to (BS 1502, BS 2502, BS 4504, BS 6506, BS 
7507, BS 8508) via signals (540, 544, 542, 546, 550, 548), 
respectively, via the backhaul network. Base station 5505 
transmits broadcast beacon signals 599, broadcast pilot 
channel signals 598, and broadcast loading factor informa 
tion corresponding to base stations 5, 6, 7, 8, 1, 2, and 4 via 
broadcast signals 597. Thus, a wireless terminal connected 
to BS 5, e.g., WT 1516, can recover the loading factor 
information corresponding to adjacent base stations of inter 
est via received broadcast signals 597. For example, wireless 
terminal 1516 may recover and use the uplink loading factor 
information corresponding to base station 5505, base station 
2502 and base station 6506 in various uplink interference 
reports, e.g., beacon ratio reports communicated to base 
station 5. Note that a base station may send its loading 
information to its adjacent base stations when the base 
station experiences a high level of loading but may or may 
not send such information at other times. Moreover, a base 
station may limit broadcasts of adjacent base station loading 
factors to loading factors of those adjacent base stations that 
are experiencing a high level of loading, e.g., to reduce the 
amount of overhead in the broadcast channel as compared to 
implementations where loading factors are transmitted 
regardless of the amount of base station loading indicated by 
the loading factor. Alternatively, a base station may transmit 
loading factor information corresponding to highly loaded 
adjacent base stations at a higher rate, e.g., frequency, than 
for lightly loaded adjacent base stations. In Such implemen 
tations, if the terminal does not receive the loading factor of 
one particular adjacent base station from the base station to 
which it is attached, the terminal can assume that the 
adjacent base station is lightly loaded, and therefore use a 
first default value of the loading factor for the adjacent base 
station when the terminal is calculating the interference 
report, e.g., a beacon ratio report. The first default value can 
be set to represent that the adjacent base station is lightly 
loaded. It should be pointed out that in a communication 
system in which the loading information of neighboring base 
stations is not broadcast, if the wireless terminal cannot 
recover the loading information from the adjacent base 
station, the wireless terminal can not use the failure to 
receive loading factor information corresponding to a base 
station to which it is not attached as an indicator that the base 
station for which loading factor information is not received 
is lightly loaded. In some Such implementations the wireless 
terminal uses a different, e.g., second, default value for the 
uplink loading factor which was not received when calcu 
lating a beacon ratio report than the default value used in the 
system where the loading factor information is broadcast for 
heavily loaded adjacent base stations but not others. This 
second default factor might typically be chosen to take a 
conservative approach, e.g., assuming the adjacent base 
station is not lightly loaded since the failure to receive base 
station loading factor information can not be interpreted as 
an indicator of light loading in Such a case. Thus, the first 
and the second loading factor default values, corresponding 
to whether or not loading factor information for heavily 
loaded adjacent base stations is normally transmitted by a 
base station, will be different. 
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0045 FIG. 6 is a drawing of an exemplary wireless 
communications system 600 in accordance with various 
embodiments, illustrating the exchange of base station load 
ing factor information between adjacent base stations with 
an exemplary wireless terminal, which is connected to both 
base stations, providing a wireless communications path for 
the transfer of base station loading factor information. 
Exemplary wireless communications system 600, e.g., an 
OFDM communications system, includes a plurality of base 
stations including base station 1602 and base station 2604 
coupled together to other network node, e.g., via network 
links 616, 618 and/or other network nodes and/or links. 
0046 Exemplary communications system 600 includes a 
plurality of wireless terminals, e.g., mobile nodes, which 
may move throughout the system and attach to a base station 
in whose coverage area, e.g., cell, it is situated. In exemplary 
communications system 600 at least some of the wireless 
terminals Support concurrent connections with two base 
station attachment points. Exemplary wireless terminal P 
614 is one such wireless terminal which is shown coupled to 
BS 1601 via first wireless link 630 and coupled to BS 2604 
via second wireless link 632. Note that for the sake of 
description, wireless terminal P 614 is connected with the 
two base stations concurrently in this figure. However, it is 
also possible that wireless terminal P 614 is connected with 
the two base stations at different time instants. For example, 
wireless terminal P 614 may be first connected with base 
station 1 and then drop the connection and handoff to base 
station 2. After wireless terminal P 614 is connected with 
base station 2, wireless terminal P 614 nay inform base 
station 2 the loading information of base station 1. Addi 
tional wireless terminals (WT 1606, . . . , WT N 608) are 
coupled to BS 1602 via wireless links (620, . . . , 622), 
respectively. Additional wireless terminals (WT 1'610. . . . . 
WT N'612) are coupled to BS 2604 via wireless links (624, 
. . . , 626), respectively. 

0047 BS 1602 determines its own loading factor and 
communicates the value in a message 634 transmitted to WT 
P 614, which in turn generates and transmits message 638 to 
BS 2604. BS 2604 determines its own loading factor and 
communicates the value in a message 640 transmitted to WT 
P 614, which in turn generates and transmits message 636 to 
BS 1604. Alternatively, WT P can recover the BS 1 loading 
factor from a base station 1 broadcast signal 646 and 
transmit that value to base station 2604 in signal 638, e.g., 
in response to a command from base station 1, a request 
from base station 2, or a predetermined schedule, or in 
response to a detected condition Such as a change in the base 
station 1 loading factor or the recognition that BS 2 is 
broadcasting stale information regarding BS 1 loading. 
Similarly, WT P can recover the BS 2 loading factor from a 
base station 2 broadcast signal 652 and transmit the value to 
base station 1602 in signal 636, e.g., in response to a 
command from base station 2, a request from base station 1. 
or a predetermined schedule, or in response to a detected 
condition Such as a change in the base station 2 loading 
factor or the recognition that BS 1 is broadcasting stale 
information regarding BS 2 loading. 
0048 Base station 1602 transmits broadcast beacon sig 
nals 642, broadcast pilot channel signals 644, and broadcast 
loading factor signals 646, e.g., uplink loading factors, 
corresponding to base station 1 and base station 2. Base 
station 2604 transmits broadcast beacon signals 650, broad 
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cast pilot channel signals 648, and broadcast loading factor 
signals 652, e.g., uplink loading factors, corresponding to 
base station 1 and base station 2. 

0049 WTs which are currently connected to BS 1602, but 
not to BS 2604, e.g. WT 1606, receive and measure the high 
power easily detectable beacon signal 650 from BS 2604, 
the beacon signal 642 from BS 1602 and the pilot channel 
signal 644 from BS 1602. WT 1606 uses the uplink loading 
factor information corresponding to BS 1 and BS 2 recov 
ered from broadcast signals 646, the measurement of the 
received strength of beacon 650, and at least one of the 
received strength of beacon 642 and pilot 644 in determining 
an interference report, e.g., a beacon ratio report. The 
determined interference report is then communicated to BS 
602 via dedicated control channel segment signals using 
wireless link 620. 

0050 WTs which are currently connected to BS 2604, but 
not to BS 1602, e.g. WT1'610, receive and measure the high 
power easily detectable beacon signal 642 from BS 1602, 
the beacon signal 650 from BS 2604, and the pilot channel 
signal 648 from BS 2604. WT 1'610 uses the uplink loading 
factor information corresponding to BS 1 and BS 2 recov 
ered from broadcast signals 652, the measurement of the 
received strength of beacon 642, and at least one of the 
received strength of beacon 650 and pilot 648 in determining 
an interference report, e.g., a beacon ratio report. The 
determined interference report is then communicated to BS 
2604 via dedicated control channel segment signals using 
wireless link 624. 

0051 FIG. 7 is a drawing of an exemplary base station 
700 implemented in accordance with various embodiments. 
Exemplary base station 700 may be any of the base stations 
of system 100 of FIG. 1, system 500 of FIG. 5 or system 600 
of FIG. 6. Base station 700 may be used in a multiple access 
wireless communication system including a plurality of base 
stations, each of the plurality of base stations including at 
least one base station attachment point. In some embodi 
ments, base station 700 includes a plurality of sectors. In 
some embodiments, base station 700 uses a plurality of 
different carriers. For example, a given sector/carrier com 
bination may correspond to a base station attachment point. 
Exemplary base station 700 includes a receiver module 702, 
a transmitter module 704, a processor 706, an I/O interface 
module 708 and memory 710 coupled together via a bus 712 
over which the various elements interchange data and infor 
mation. 

0.052 Receiver module 702, e.g., an OFDM receiver, is 
coupled to receive antenna 714 via which the base station 
receives uplink signals from wireless terminals. Uplink 
signals include access signals, timing control signals, power 
control signals, traffic channel signals and dedicated control 
channel signals. In some embodiments, uplink signals 
include base station loading factor information correspond 
ing to other base stations, e.g., with the wireless terminal 
transmitting the information serving as a relay. For example, 
the base station 700, in some embodiments, receives base 
station loading factor information corresponding to an 
attachment point of a physically adjacent base station, from 
a mobile communications device which received the adja 
cent base station loading factor information over a wireless 
communications link with the adjacent base station. For 
example, the mobile communications device may be main 
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taining two wireless communications links concurrently and 
may serve as a relay between two adjacent base stations. 
Dedicated control channel signals include interference 
reports such as beacon ratio reports using uploading factor 
information. For example, consider that first and second 
wireless terminals are using the same base station 700 
attachment point, wireless receiver module 702 receives 
from the first wireless terminal a first uplink interference 
report and from a second wireless terminal a second uplink 
interference report. 

0053 Transmitter module 704, e.g., an OFDM transmit 
ter, is coupled to transmit antenna 716 via which the base 
station 700 transmits downlink signals to wireless terminals. 
The downlink signals include various broadcast signals such 
as beacon signals and/or pilot channel signals used for 
identification and/or to measure communication channels. 
The downlink signals also include broadcast channel signals 
including uplink loading factor information corresponding 
to base station 700 and corresponding to other, e.g., adjacent, 
base stations. Some of broadcast signals transmitted by 
transmitter module 704 include received base station loading 
factor information corresponding to other base stations. The 
downlink signals also include control signals and traffic 
channel segment signals. 

0054 I/O interface module 708 couples the base station 
to other network nodes, e.g., other base stations, and/or the 
Internet. Thus I/O interface module 708 facilitates the 
exchange of loading factor information between base station 
700 and other, e.g., adjacent base stations, via a backhaul 
network. I/O interface module 708 includes a network 
interface receiver 718 and a network interface transmitter 
720. Base station 700 receives via network interface receiver 
718 physically adjacent base station loading factor informa 
tion via a backhaul link between the base station 700 and the 
other base station to which the receiver 718 is coupled. Base 
station 700 transmits, e.g., to other adjacent base stations, 
determined uplink loading factor information corresponding 
to its own attachment point or points via network interface 
transmitter 720. Base station 700 receives uplink loading 
factor information corresponding to attachment point of 
other, e.g., adjacent, base stations via network interface 
receiver 718. I/O interface module 708 also allows a wire 
less terminal using a base station 700 attachment point to 
participate in a communications session with another wire 
less terminal using an attachment point of a different base 
station. 

0.055 Memory 710 includes routines 722 and data/infor 
mation 724. The processor 706, e.g., a CPU, executes the 
routines 722 and uses the data/information 724 in memory 
710 to control the operation of the base station 700 and 
implements steps of methods. Routines 722 include com 
munications routines 726 and base station control routines 
728. The communications routines 726 implement the vari 
ous communications protocols used by the base station 700. 
base station control routines 728 include a beacon module 
730, a pilot module 732, an uplink loading factor determi 
nation module 734, a resource allocation module 736, an 
interface report recovery module 738, a loading factor 
recovery module 740, and a loading factor broadcast signal 
generating module 742. 

0056 Beacon module 730 uses data/information 724 
including beacon signal information 756 to control the 
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generation and the transmission of beacon signals to be 
broadcast. Pilot signal module 732 uses the data/information 
724 including the pilot signal information 754 to control the 
generation and transmission of pilot channel signals to be 
broadcast. Uplink loading factor determination module 734 
determines uplink loading factors indicative of uplink load 
ing for one or more attachment points of base station 700. 
For example uplink loading factor determination module 
734 determines determined base station loading factor 748. 
0057 Resource allocation module 738 allocates uplink 
resources as a function of received uplink interference report 
information, e.g., received first and second uplink interfer 
ence reports. The received uplink interference reports are, in 
Some embodiments, a function of transmitted loading factor 
information corresponding to a base station attachment point 
base station 700 and a base station attachment point of 
another, e.g., an adjacent base station. In some embodi 
ments, a first interference report from a first wireless termi 
nal is a function of received power level measured by the 
first wireless terminal of a broadcast signal Such as a beacon 
or pilot channel signal from base station 700, a first uplink 
loading factor corresponding to an attachment point of base 
station 700, a received power level measurement by the first 
wireless terminal of a broadcast signal Such as a beacon or 
pilot channel signal from another, e.g., adjacent, base sta 
tion, and a second uplink loading factor corresponding to an 
attachment point of said another base station. 
0.058 Interference report recovery module 738 recovers 
uplink interference reports, e.g., beacon ratio reports, com 
municated from wireless terminals, using a base station 700 
attachment point. Received WT 1 interference report infor 
mation 750 and received wireless terminal N interference 
report information 752 represents information output from 
interference report recovery module 738 and utilized as 
input by resource allocation module 736. 
0059 Loading factor recovery module 740 recovers load 
ing factors corresponding to other, e.g., adjacent, base 
stations communicated via messages through network inter 
face receiver 718 and/or wireless receiver module 702. 
Received base station 2 loading factor 744 and received base 
station N loading factor N 746 represent output from loading 
factor recovery module 740. 
0060 Loading factor broadcast signal generation module 
742 control the generation and broadcast of signals via 
transmitter 704 conveying one or more loading factors, e.g., 
one or more of base station 2 loading factor 744, base station 
N loading factor 746, and determined base station loading 
factor 748. In some embodiments, where base station 700 
includes multiple sectors and/or uses multiple carriers, load 
ing factor broadcast signal generation module selectively 
broadcast for a given attachment point relevant loading 
factor information while reframing from transmitting other 
stored loading factor information. For example, wireless 
terminals using a particular base station attachment point of 
a sector may not concerned with uplink loading factor 
information corresponding to some other attachment points 
due to a different carrier being used and/or the direction of 
coverage of an adjacent base station sector. 
0061 Data/information 724 includes received loading 
factors corresponding to a plurality of base station attach 
ment points of other base stations (received base station 2 
loading factor 744. . . . , received base station N loading 
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factor 746), a determined base station loading factor 748 
corresponding to a BS 700 attachment point, a plurality of 
interference report information (received WT 1 interference 
report information 750, . . . , WT N received interference 
report information 752), pilot signal information 754, bea 
consignal information 756, loading factor broadcast sched 
ule information 758, and system base station information 
760. System base station information 760 includes informa 
tion corresponding to a plurality of adjacent base stations 
(adjacent base station 2 information 762, . . . . adjacent base 
station in information 764). Data/information 724 also 
includes a plurality of sets of WT allocated resource infor 
mation (WT 1 allocated resource information 766, ..., WT 
N allocated resource information 768). WT 1 allocated 
resource information 766 includes base station assigned 
identification information 770, uplink dedicated control 
channel information 772, uplink traffic channel segment 
information 774, and handoff information 776. WT N allo 
cated resource information 768 includes base station 
assigned identification information 778, uplink dedicated 
control channel information 780, uplink traffic channel seg 
ment information 782, and handoff information 784. 

0062 Received base station 2 loading factor 744 and 
received base station N loading factor 746 are outputs of 
loading factor recovery module 740 while determined base 
station loading factor 748 is an output of determination 
module 734. Information describing, for an exemplary 
embodiment, exemplary uplink loading factors and corre 
sponding values to represent the loading factor information 
is included in table 900 of FIG. 9. 

0063 Received WT1 interference report information 750 
and received WTN interference report information 752, e.g., 
beacon ratio report information, are outputs of interference 
report recovery module 738. Information describing, for an 
exemplary embodiment an exemplary format for a beacon 
ratio report is illustrated in table 1000 of FIG. 10. 

0064 Pilot signal information 754 includes information 
identifying air link resources, e.g., OFDM tone-symbols, in 
a recurring downlink channel structure, on which pilot 
signals are to be broadcast and power level information 
corresponding to the pilot tone signals. Beacon signal infor 
mation 756 includes information identifying which air link 
resources, e.g., OFDM tone-symbols, are to be used to 
convey beacon signals and power levels associated with 
beacon signals. In some embodiments, a beacon signal is 
broadcast at a higher per tone power level than other types 
of downlink signals, is a narrowband signal, e.g., occupying 
one or a few tones with a high energy concentration, and has 
a duration exceeding an OFDM symbol transmission time 
period, thus facilitating easy detection, by wireless terminal 
which may or may not be synchronized with respect to the 
transmitter of the beacon signal. 

0065 Loading factor broadcast schedule information 758 
includes information identifying when base station 700 
should broadcast particular uplink loading factors corre 
sponding to its own attachment point or points and attach 
ment points of other, e.g., adjacent base stations. Loading 
factor broadcast schedule information 758 is used by loading 
factor broadcast signal generation module 742. In some 
embodiments, predetermined loading factor broadcast 
schedules, known to the base station 700 and wireless 
terminals, are utilized, thus eliminating the need for the 
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inclusion of at least some base station attachment point 
identification information in the broadcast signaling and thus 
reducing signaling overhead. 

0.066 Adjacent base station 2 information 762 includes 
base station 2 identification information, information iden 
tifying which carriers are used by base station 2, information 
associating particular attachment points of base station 2 
with particular attachment point of base station 700 in terms 
of concern for uplink interference and whether of not a 
particular received BS 2 uplink loading factor corresponding 
to a base station 2 attachment point should be broadcast to 
wireless terminals using a particular base station 700 attach 
ment point. 

0067 WT 1 allocated resource information 766 includes 
information determined by resource allocation module 736. 
Base station assigned identification information 770 
includes, e.g., a base station 700 temporarily assigned On 
state identifier. Uplink dedicated control channel informa 
tion 772 includes information identifying which dedicated 
control channel segments have been allocated to WT 1 for 
communicating uplink control information reports at least 
Some of the reports being uplink interference reports, e.g., in 
accordance with predetermined mapping information. 
uplink traffic channel information 774 includes information 
identifying which uplink traffic channel segments, e.g., in a 
predetermined uplink channel structure, have been allocated 
WT 1. Handoff information 776 includes handoff initiation 
signaling information to be directed to WT 1, e.g., in 
response to uplink loading considerations by resource allo 
cation module 734. 

0068 FIG. 8 is a drawing of an exemplary wireless 
terminal 800, e.g., mobile node, in accordance with various 
embodiments. Exemplary wireless terminal 800 includes a 
1 receiver module 802, a 1" transmitter module 804, a 
processor 806, I/O devices 808, and a memory 810 coupled 
together via a bus 812 over which the various elements may 
interchange data information. In some embodiments, e.g., 
Some embodiments Supporting concurrent wireless commu 
nications links with at least two different base station attach 
ment points, wireless terminal 800 also includes 2" receiver 
module 818 and a 2" transmitter module 820 coupled to bus 
812. 

0069. 1 receiver module 802, e.g., an OFDM receiver, is 
coupled to receive antenna 814 via which the wireless 
terminal 800 receives downlink signals from base stations. 
The downlink signals include broadcast beacon signals, 
broadcast pilot channel signals, and broadcast uplink load 
ing factor signals conveying uplink loading factor informa 
tion corresponding to an attachment point or points of the 
base station which broadcast the signal and uplink loading 
factor information corresponding to an attachment point or 
point of other base stations, e.g., base stations adjacent to the 
base station which transmitted the broadcast loading factor 
signals being received. Downlink signals also include 
resource allocation signals, e.g., signals conveying base 
station assigned wireless terminal identifiers, signals con 
veying traffic channel segment assignments and signals 
conveying dedicated control channel assignment informa 
tion. In some embodiments, downlink signals include mes 
sages directed to WT 800 communicating base station 
attachment point loading information such that WT 800 can 
relay the information to another adjacent base station to 
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which WT 800 is also connected. In some embodiments, 
downlink signals include at least one of a request to transfer 
loading factor information and a command to transfer load 
ing factor information. 

0070 1 transmitter module 804, e.g., an OFDM trans 
mitter, is coupled to transmit antenna 816 via which the 
wireless terminal 800 transmits uplink signals to base sta 
tions. In some embodiments, the same antenna is used for 
receiver module 802 and transmitter module 804, e.g., in 
conjunction with a duplex module. The uplink signals 
include dedicated control channel reports including interfer 
ence reports, e.g., beacon ratio reports using dedicated 
control channel segments allocated to the wireless terminal, 
uplink traffic channel segment signals, access signals, power 
control signals, timing control signals, and handoff signals. 
In some embodiments, the uplink signals also include mes 
sages conveying uplink loading factor information corre 
sponding to a base station attachment point, e.g., with the 
wireless terminal acting as relay between two base stations. 

0071) 2" receiver module 818, e.g., an OFDM receiver, 
is coupled to receive antenna 822 via which the wireless 
terminal 800 receives downlink signals from base stations. 
The downlink signals include broadcast beacon signals, 
broadcast pilot channel signals, and broadcast uplink load 
ing factor signals conveying uplink loading factor informa 
tion corresponding to an attachment point or points of the 
base station which broadcast the signal and uplink loading 
factor information corresponding to an attachment point or 
points of other base stations, e.g., base stations adjacent to 
the base station which transmitted the broadcast loading 
factor signals being received. Downlink signals also include 
resource allocation signals, e.g., signals conveying base 
station assigned wireless terminal identifiers, signals con 
veying traffic channel segment assignments and signals 
conveying dedicated control channel assignment informa 
tion. In some embodiments, downlink signals include mes 
sages directed to WT 800 communicating base station 
attachment point loading information such that WT 800 can 
relay the information to another adjacent base station to 
which WT 800 is also connected. In some embodiments, 
downlink signals include at least one of a request to transfer 
loading factor information and a command to transfer load 
ing factor information. 

0072) 2" transmitter module 820, e.g., an OFDM trans 
mitter, is coupled to transmit antenna 824 via which the 
wireless terminal 800 transmits uplink signals to base sta 
tions. In some embodiments, the same antenna is used for 
receiver module 818 and transmitter module 824, e.g., in 
conjunction with a duplex module. The uplink signals 
include dedicated control channel reports including interfer 
ence reports, e.g., beacon ratio reports using dedicated 
control channel segments allocated to the wireless terminal, 
uplink traffic channel signals, access signals, power control 
signals, timing control signals, and handoff signals. In some 
embodiments, the uplink signals also include messages 
conveying uplink loading factor information corresponding 
to a base station attachment point, e.g., with the wireless 
terminal acting as relay between two base stations. The 
inclusion of two receiver/transmitter pairs (802/804, 818/ 
820), present in some embodiments, facilitates the support 
of concurrent wireless connections with two different base 
stations attachment points, which facilitates the transfer of 
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base station attachment point uplink loading factor informa 
tion between adjacent base station with wireless terminal 
800 acting as a relay. 
0.073 I/O devices 808, e.g., keypad, keyboard, micro 
phone, Switches, display, speaker, etc., allows a user of WT 
800 to input data/information, access output data/informa 
tion, and control at least Some functions of the wireless 
terminal. 

0074 Memory 810 includes routines 826 and data/infor 
mation 828. The processor 806, e.g., a CPU, executes the 
routines 826 and uses the data/information 828 in memory 
800 to control the operation of the wireless terminal 800 and 
implement steps of methods. Routines 826 include commu 
nications routines 830 and base station control routines 832. 
The communications routines 830 implement various com 
munications protocols used by the wireless terminal 800. 
The base station control routines 832 include a beacon signal 
measurement module 834, a pilot signal measurement mod 
ule 836, a loading factor recovery module 838, and an 
interference report generation module 840. In some embodi 
ments, e.g., Some embodiments Supporting two concurrent 
wireless communications links to two different base station 
attachment points, the wireless terminal includes a loading 
factor relay module 842. 
0075 Beacon signal measurement module 834 measures 
the received signal strength of beacon signals broadcast 
from base station attachment points. Pilot signal measure 
ment module 836 measures the received signal strength of 
pilot channel signals broadcast from base station attachment 
points. 

0.076 Loading factor recovery module 838 recovers load 
ing factors corresponding to base station attachment points 
from broadcast station signals. For example, a base station 
broadcasts loading factors corresponding to its own base 
station attachment points and attachment points of adjacent 
base stations in its broadcast channel, and wireless terminal 
800 receives the signals via 1 receiver module 802 and 
recover the loading factor information using loading factor 
recovery module 838. 
0.077 Interference report generation module 840, e.g., a 
beacon ratio report generation module, uses information 
obtained from beacon signal module 834 and/or pilot signal 
measurement module 836, and loading factor recovery mod 
ule 838 in generating an interference report, e.g., a specific 
or genetic beacon ratio report. Loading factor recovery relay 
module 842 controls the relaying of received uplink loading 
factor information between adjacent base stations via wire 
less communication channels. For example, the wireless 
terminal may be concurrently connected to a base station 
attachment point of a first base station using receiver/ 
transmitter pair (802/804) and a base station attachment 
point of a second base station, adjacent said first base station, 
using receiver/transmitter pair (818/820), and received 
uplink loading factor information corresponding to the first 
base station may be signaled via a message to the second 
base station, with the message being generated and signaled 
under the control of module 842. Thus via module 842, 
loading factor information can be opportunistically commu 
nicated between adjacent base stations utilizing a wireless 
terminal 800 which happens to be currently connected to the 
two adjacent base stations without the need for using the 
backhaul to transfer the loading factor information. 

Nov. 1, 2007 

0078 Data/information 828 includes a plurality of 
received and recovered uplink loading factors (received base 
station 1 loading factor 844. . . . , received base station N 
loading factor 846), measured pilot signal information cor 
responding to base stations (measured pilot signal informa 
tion corresponding to BS 1848, . . . , measured pilot signal 
information corresponding to base station N 849), measured 
beacon signal information (measured beacon signal infor 
mation corresponding to base station 1850, measured bea 
consignal information corresponding to base station N851), 
generated interference report information 852, system base 
station information 864, and allocated resource information 
854. In some embodiments, data/information 828 also 
includes base station loading factor relay message informa 
tion 870. 

0079 Received base station loading factors (received 
base station 1 loading factor 844. . . . , received base station 
N loading factor 846) are outputs of loading factor recovery 
module 838. It is to be understood than an individual base 
station may, and sometimes does, have multiple uplink 
loading factors, e.g., corresponding to a plurality different 
attachment points at the base station, and wireless terminal 
Sometimes recovers, stores and/or transmits multiple loading 
factors corresponding to the different base station attach 
ment points of the same base station. 

0080 Measured pilot signal information (BS 1 pilot 
signal information 848, BSN pilot signal information 849) 
are outputs of module 836, while measured beacon signal 
information (BS 1 beacon signal info 850, BSN beacon 
signal information 851) are outputs of beacon signal mea 
surement module 834. Measured pilot signal information 
(BSN) 849 shown as a dashed box to indicate that it may not 
be present in some embodiments. For example, an embodi 
ment Supporting two concurrent connection to two different 
base station attachment points, e.g., an embodiment includ 
ing 2" receiver module 818/2" transmitter module 820 may 
recover concurrently measurements from two base stations 
of pilot channel signals. However, some other embodiments, 
e.g., some embodiments using a single receiver module 802 
may support a single set of pilot signal measurements 848 
corresponding to the current attachment point and may 
utilize beacon signal measurements for evaluating signal 
strength from other base stations. 

0081 Generated interference report information 852, 
e.g., a generic or specific beacon ratio report using pilot 
and/or beacon signal measurements, and uplink loading 
factor information, is an output of interference report gen 
eration module 840. System base station information 864 
includes information corresponding to a plurality of base 
stations (base station 1 information 866, ..., base station in 
information 868). Base station 1 information 866 includes 
information corresponding to different attachment point of 
base station 1 including downlink timing and frequency 
structure information, uplink timing and frequency structure 
information, carrier information, tone block information, 
schedule information, including information identifying 
when a base station broadcasts uplink loading factors, and 
information identifying which adjacent base station attach 
ment points are of interest to each of the attachment points 
of base station 1. 

0082 Allocated resource information 854 includes base 
station assigned identification information 856, e.g., a base 
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station assigned wireless terminal ON state identifier, uplink 
dedicated control channel information 858, e.g., information 
identifying dedicated control channel segments allocated to 
the wireless terminal to transmit uplink control reports 
including uplink interference reports, uplink traffic channel 
information 860, e.g., information identifying uplink traffic 
channel segments assigned to the wireless terminal, and 
handoff information 862. 

0.083 Base station loading factor relay message informa 
tion 870 includes signals generated by loading factor relay 
module, e.g., signals used in passing an uplink loading factor 
from one base station to an adjacent base station via wireless 
terminal 800. 

0084 FIG. 9 is drawing of a table 900 of exemplary 
uplink loading factor information. First column 952 repre 
sents 8 different values, e.g., using 3 information bits, which 
may be communicated to wireless terminals in a downlink 
broadcast channel message corresponding to an attachment 
point of a base station sector and/or communicated in a 
message between base stations, e.g., between adjacent base 
stations, the value used to represent an uplink loading factor 
for a base station attachment point. Second column 954 
expresses an uplink loading factorb, in dBs corresponding 
to a base station attachment point and represents different 
levels of uplink loading which can be communicated in 
accordance with this exemplary format. The loading factor 
value b, communicated is used with wireless terminals in 
generating interference reports, e.g., in generating beacon 
ratio reports. Communication value (0, 1, 2, 3, 4, 5, 6, 7) 
corresponds to loading factor, in dBs, (0, -1, -2, -3, -4, -6, 
-9, -infinity), respectively. Thus the exemplary loading 
factor expressed in real number values can take on eight 
possible values in the range of 1 to 0. 
0085 FIG. 10 is a drawing of a table 1000 of the format 
of an exemplary 4 bit uplink interference report, e.g., an 
exemplary 4 bit downlink beacon ratio report beacon ratio 
report (DLBNR4). First column 1002 identifies the 16 
alternative bit patterns that may be represented by the report. 
Second column 1004 identifies the interpretation associated 
with each potential bit pattern, e.g., a report adjusted power 
calculation level, e.g., the ratio of wireless terminal mea 
Sured received downlink beacon channel signals from two or 
more base station attachment points, the ratio having been 
gain adjusted using uplink loading factors corresponding to 
the attachment points. In the example of table 1000 the 
report value ranges between -3 dBs and 26 dBs. 
0.086 One exemplary specific beacon ratio report using 
measured beacon signals, where each beacon is transmitted 
at the same power level=(PB*b)/(PB, *b), where PB0 is 
the wireless terminal measured power of the received bea 
con signal from the serving base station to which the 
wireless terminal is currently connected, PB is the wireless 
terminal measured power of the received beacon from the 
adjacent base station, bo is the uplink loading factor of the 
current serving base station, and b is the uplink loading 
factor of the adjacent base station. 
0087. One exemplary generic beacon ratio report using 
measured beacon signals, where each beacon is transmitted 
at the same power level=(PB*b)/((PB*b)+(PB*b)), 
where PB is the wireless terminal measured power of the 
received beacon signal from the serving base station to 
which the wireless terminal is connected, PB is the wireless 
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terminal measured power of the received beacon from a first 
adjacent base station attachment point, PB is the wireless 
terminal measured power of the received beacon from a 
second adjacent base station attachment point, bo is the 
uplink loading factor of the current serving base station, and 
b is the uplink loading factor of first adjacent base station 
attachment point, and b is the uplink loading factor of the 
second adjacent base station attachment point. This exem 
plary type of beacon ratio report can be extended for N 
adjacent base station attachment points, (PBob)/ 
(PBb)+(PB*b)+, ..., +(PB*bn)), where PBN is the 
measured received power on the Nth adjacent base station 
attachment point and bn is the uplink loading factor of the 
Nth adjacent base station attachment point. 

0088 Another exemplary generic beacon ratio report 
using measured beacon signals, where each beacon is trans 
mitted at the same power level=(PBobo)/max((PBb). 
(PB*b)), where PB is the wireless terminal measured 
power of the received beacon signal from the serving base 
station to which the wireless terminal is connected, PB is 
the wireless terminal measured power of the received bea 
con from a first adjacent base station attachment point, PB 
is the wireless terminal measured power of the received 
beacon from a second adjacent base station attachment 
point, bo is the uplink loading factor of the current serving 
base station, and b is the uplink loading factor of first 
adjacent base station attachment point, and b is the uplink 
loading factor of the second adjacent base station attachment 
point. This exemplary type of beacon ratio report can be 
extended for N adjacent base station attachment points, 
(PBob)/max(PB*b), (PB*b), . . . . (PBN,bn)).)), 
where PB is the measured received power on the Nth 
adjacent base station attachment point and b is the uplink 
loading factor of the Nth adjacent base station attachment 
point. 

0089. In some embodiments, different base station attach 
ment points transmit their beacon signals at different power 
levels, and additional gain adjustment factors are utilized in 
the beacon ratio reports. In some embodiments, a mixture of 
pilot and beacon signals are utilized in a beacon ratio report 
and additional gain adjustments factors are used to equalize 
Scaling. In some embodiments, different base station attach 
ment points transmit pilots at different power levels and 
additional gain adjustment factors are used to equalize 
Scaling. 

0090. It should be appreciated that if a wireless terminal 
were unable to receive adjacent base station loading factor 
information, the wireless terminal might have to use a 
default value for the unrecovered adjacent base station 
loading factor which is needs for calculating a report. In 
Such a situation, the wireless terminal might use a conser 
vative default value for the unrecovered loading factor of the 
adjacent base station resulting in an overestimate of the 
interference level. This would have a tendency to result in 
wasted air link resources when the base station considers the 
interference report and allocates resources. Thus by com 
municating the adjacent base station loading factors via a 
current connection, the likelihood that the wireless terminal 
will be able to successfully recover the adjacent base sta 
tions loading factor is significantly improved. This may 
result in a more accurate and better controlled interference 
report. The base station by being provided with more 
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consistent and accurate interference reports can more effi 
ciently allocate resources and manage interference. 

0091 FIG. 11 is a drawing of a flowchart 1100 of an 
exemplary method of operating a first base station in a 
multiple access wireless communication system including a 
plurality of base stations. Each base station in the wireless 
communications system includes at least one base station 
attachment point. The first base station may be a single 
sector base station or a multi-sector base station. For 
example, in one exemplary embodiment an attachment point 
of a single sector base station corresponds to a cell, down 
link carrier, downlink tone block, corresponding uplink 
carrier and corresponding uplink tone block combination; 
while an attachment point of multi-sector base station cor 
responds to a cell, sector, downlink carrier, downlink tone 
block, corresponding uplink carrier and corresponding 
uplink tone block combination. 
0092) Operation starts in step 1102, where the first base 
station is powered on and initialized. Operation proceeds 
from start step 1102 to step 1104. In step 1104, the first base 
station broadcasts a first broadcast signal, e.g., a beacon or 
pilot channel signal. In some embodiments, the first base 
station broadcast both beacon signals and pilot channel 
signals. In some embodiments, the first broadcast signal is 
broadcast in accordance with a recurring downlink channel 
structure. Operation proceeds from step 1104 to step 1106. 
In step 1106, the first base station determines a first uplink 
loading factor indicative of uplink loading for a first base 
station attachment point, said first base station attachment 
point corresponding to the first base station. Then, in step 
1108, the first base station transmits, using a downlink 
broadcast channel, said first uplink loading factor. Operation 
proceeds from step 1108 to step 1110. 

0093. In step 1110, the first base station receives second 
base station loading factor information indicative of loading 
of a second base station attachment point corresponding to 
a second base station. In some embodiments, the second 
base station is physically adjacent said first base station and 
receiving said second base station loading factor information 
includes receiving said second base station loading factor 
information over a backhaul link between the first and 
second base stations. In some embodiments, the second base 
station is physically adjacent said first base station and 
receiving said second base station loading factor information 
includes receiving said second base station loading factor 
information from a mobile communication device which 
received said second base station loading factor information 
over a wireless communication link. For example, the 
mobile communications device, is in some embodiments, a 
mobile wireless terminal Supporting multiple concurrent 
wireless communications links. 

0094. Then, in step 1112, the first base station broadcasts 
at least some of said received second base station loading 
factor information. For example, the first base station broad 
casts a second uplink loading factor corresponding to said 
second base station attachment point, said second uplink 
loading factor being included in said at least some second 
base station loading factor information. In some embodi 
ments, transmitting at least Some of said second base station 
loading factor information uses orthogonal frequency divi 
sion multiplexing signals. Operation proceeds from step 
1112 to step 1114 or step 1118. Steps 1114 and steps 1116 are 
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performed in some embodiments for Some base stations, 
while not performed for other base stations. For example, if 
the first base station has multiple adjacent base stations in 
the wireless communications system using the same uplink 
frequency spectrum, and potentially interfering with one 
another, then steps 1114 and 1116 are, in some embodiments, 
preformed by the first base station. 

0095. In step 1114, the first base station receives, e.g., via 
a backhaul network, third uplink loading factor information 
indicative of uplink loading for a third base station attach 
ment point, said third base station attachment point corre 
sponding to one of a third base station and said second base 
station, said third base station being adjacent to said first 
base station. In some embodiments, where the third attach 
ment point corresponds to said second base station said 
second and third base station attachment points corresponds 
to different, e.g., adjacent, sectors of the second base station. 
Then, in step 1116, the first base station transmits, using a 
downlink broadcast communications channel, said third 
uplink loading factor. Operation proceeds from step 1116 to 
step 1118. 

0096. In step 1118, the first base station receives from a 
first wireless terminal a first uplink interference report, e.g., 
a beacon ratio report, and in step 1120, the first base station 
receives from a second wireless terminal a second uplink 
interference report, e.g., a beacon ratio report. In some 
embodiments, the first and second uplink interference 
reports are a function of the transmitted first and second 
loading factors. In various embodiments, the first uplink 
interference report is a function of a received power level 
measured by the first wireless terminal of the first broadcast 
signal, the first uplink loading factor, a received power level 
measurement by the first wireless terminal of a second 
broadcast signal from the second base station and the second 
uplink loading factor. In some such embodiments, the first 
broadcast signal from the first base station is one of a beacon 
and a pilot channel signal and the second broadcast signal 
from the second base station is one of a beacon and a pilot 
channel signal. 

0097. In some embodiments for some base stations for at 
least Some first and second interference reports, the first and 
second uplink interference reports have been determined by 
said first and second wireless terminals as a function of said 
first, second, and third uplink loading factors. For example, 
the first base station may have at least two adjacent base 
stations sharing the same frequency spectrum, and the first 
and second interference reports may be generic type reports 
using power measurement information and loading factor 
information from the three base stations. Alternatively, the 
first and second interference reports may be a specific type 
of interference reports comparing received power measure 
ments from two base stations, e.g., the first base station and 
one other selected adjacent base station, and using loading 
factor information from the first base station and the one 
other selected adjacent base station. 

0098. Then, in step 1122, the first base station determines 
uplink resource allocation as a function of said received first 
and second uplink interference reports. In some embodi 
ments, determining uplink resource allocation as a function 
of the received first and second uplink interference reports 
includes Scheduling traffic channel segments. In some 
embodiments, determining uplink resource allocation as a 
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function of said received first and second uplink interference 
report includes initiating a handoff of the first wireless 
terminal form the first attachment point to the second 
attachment point. In some embodiments, determining uplink 
resources allocation as a function of said received first and 
second uplink interference reports includes changing dedi 
cated control channel allocation. In some embodiments, 
determining uplink resource allocation as a function of said 
received first and second uplink interference reports includes 
initialing a change of said first wireless terminal to use a 
different attachment point of the first base station, e.g., use 
a different carrier and/or sector for attachment to the first 
base station. 

0099. In some embodiments, the first base station trans 
mits uplink loading factors in accordance with a downlink 
transmission recurring schedule; the first base station allo 
cates uplink segments to the first wireless terminal to 
transmit uplink interference reports in accordance with a 
recurring uplink schedule; and the uplink interference 
reports from the first wireless terminal are schedules to be 
received by the first base station at a higher frequency than 
an uplink loading factor corresponding to an attachment 
point is scheduled to be transmitted. Uplink interference 
reports are, in Some embodiments, allocated predetermined 
positions within an uplink dedicated control channel and 
uplink loading factor information is allocated predetermined 
positions within a downlink broadcast channel structure. 

0100 FIG. 12 comprising the combination of FIG. 12A 
and FIG. 12B is a drawing of a flowchart 1200 of an 
exemplary method of operating a base station in a multiple 
access wireless communications system including a plural 
ity of base stations, e.g., an OFDM spread spectrum multiple 
access wireless communications system including uplink 
tone hopping. Operation starts in step 1202, where the base 
station is powered on an initialized. Operation proceeds 
form start step 1202 to step 1204, step 1206, step 1208, 
connecting node A 1212, connecting node B 1214 and 
connecting node C 1216. 

0101. In step 1204, the base station receives loading 
factor information corresponding to base station attachment 
points of other, e.g., adjacent, base stations. The reception is, 
in Some embodiments, through a network interface receiver 
via a backhaul network link and/or via wireless link to a 
mobile. The operation of step 1204 is performed on an 
ongoing basis. First step 1204 attachment point information 
corresponding to other base stations (BS 2 attachment point 
1 loading factor information 1218. . . . . BSN attachment 
point M loading factor information 1220) is obtained and 
forwarded to step 1208. 

0102) In step 1206, the base station determines loading 
factor information corresponding to base station attachment 
points of the base station (BS 1 attachment point 1 loading 
factor information 1222, ..., base station 1 attachment point 
in loading factor information 1224). The determined loading 
factor information (1222, 1224) is provided as an input to 
step 1208. Step 1206 is performed by the base station on an 
ongoing basis, e.g., readjusting the loading factor corre 
sponding to an attachment point as a function of changes in 
the number of On State users, changes in the amount of 
backlog frames requested to be communicated in uplink 
traffic channel segments, and changes in uplink traffic chan 
nel data rate information associated with wireless terminals. 
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0103) In step 1208, the base station generates broadcast 
messages including base station loading factor information, 
at least some of the transmitted broadcast messages includ 
ing loading factor information corresponding to other, e.g., 
adjacent base stations. Step 1208 is performed on an ongo 
ing basis. Outputs from step 1208 include a plurality of 
broadcast messages including loading factor information 
(broadcast message 1 including loading factor information 
1226, . . . . broadcast message m including loading factor 
information 1228. Operation proceeds from step 1208 to 
step 1210. In step 1210, the base station transmits over the 
air link generated broadcast messages including loading 
factor information, at least Some of said transmitted mes 
sages including loading factor information corresponding to 
other, e.g., adjacent base stations. Step 1210 is performed on 
an ongoing basis, e.g., in accordance with predetermined 
positions reserved for loading factor information in a broad 
cast channel in a recurring downlink channel structure. 
0.104 For each base station attachment point of the base 
station operation proceeds from uplink connecting node A 
1212 to step 1230. In step 1230, the base station receives 
uplink interference reports, e.g., beacon ratio reports, from 
wireless terminals currently using the base station attach 
ment point, some of said uplink interference reports having 
been generated using loading factor information correspond 
ing to other, e.g., adjacent base stations, the loading factor 
information having been previously broadcast by the base 
station. Step 1230 is preformed on an ongoing basis. For 
example, at predetermined positions within a recurring 
uplink channel structure including a dedicated control chan 
nel, dedicated control channel segments carry interference 
reports from the current On state wireless terminals using 
the base station attachment point. Recovered interference 
reports (WT 1 uplink interference report 1238, . . . , WTN 
uplink interference report 1240) is output from step 1230 
and used as input in step 1232. 
0105 For each base station attachment point of the base 
station operation proceeds from connecting mode B 1214 to 
step 1232. In step 1232, the base station schedules air link 
resources, e.g., uplink traffic channel segments, as a function 
of said received uplink interference reports. Step 1232 is 
performed on an ongoing basis. 
0106 From connecting node C 1216, operation proceeds 
to step 1234. In step 1234, the base station generates 
messages including base station loading factor information 
corresponding to the base station. Base station 1 attachment 
point loading factor information (BS attachment point 1 
loading factor information 1222. . . . . BS attachment point 
in loading factor information 1224) is an input to step 1234, 
while generated BS 1 loading message 1242 is an output of 
step 1234. Message 1242 includes loading factor informa 
tion corresponding to one or more attachment points of the 
base station. For example, the base station may be a single 
sector base station with only one attachment point, and the 
message 1224 includes the loading factor information cor 
responding to the single attachment point. Alternatively, the 
base station may include multiple attachment points corre 
sponding to multiple sectors and/or carriers. With multiple 
attachment points, message 1242 in some embodiments 
conveys loading factor information corresponding to a 
single attachment point. With multiple attachment points, 
message 1242 in some embodiments conveys loading factor 
information corresponding to a set of attachment point 
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corresponding to the base station. The set of attachment 
points corresponding to a message 1242 may be a Subset of 
the complete set of loading factor information corresponding 
to the base station. For example, Some base station attach 
ment point loading factor information may be relevant to an 
adjacent base station while other base station attachment 
point loading factor information may not be relevant, e.g., as 
a function of coverage area and/or frequency spectrum 
utilized. Step 1234 is performed on an ongoing basis. 
Operation proceeds from step 1234 to step 1236. 

0107. In step 1236, the base station transmits the gener 
ated message 1242 to another network node, e.g., an adja 
cent base station. For example, the transmission may be via 
a backhaul network. In some such embodiments, the mes 
sage including loading factor information is sourced from 
the base station with the destination being an adjacent base 
station. Alternatively, the transmitted message including 
loading factor information, in some embodiments, directed 
to a central node which collects loading factor information 
from a plurality of base stations in the system, and then 
forwards the relevant loading factor information to indi 
vidual base station, e.g., as a function of topology. Alterna 
tively, a base station, in Some embodiments, utilizes a 
wireless terminal currently connected to itself and an adja 
cent base station to forward loading factor information to an 
adjacent base station. Step 1236 is performed on an ongoing 
basis. 

0108. In some embodiments, loading factor information 
is exchanged between adjacent base stations in accordance 
with a recurring timing structure. In some embodiments, 
loading factor information is communicated by a base 
station in response to a request from an adjacent base station. 
In some embodiments, loading factor information is com 
municated by a base station in response to a predetermined 
condition being satisfied, e.g., a base station communicates 
loading factor information in response to a high level of 
loading being reached. In some embodiments, loading factor 
information is communicated in response to a detected 
change of loading at the base station. 

0109) While described in the context of an OFDM sys 
tem, the methods and apparatus of various embodiments, are 
applicable to a wide range of communications systems 
including many non-OFDM and/or non-cellular systems. 

0110. In various embodiments nodes described herein are 
implemented using one or more modules to perform the 
steps corresponding to one or more methods, for example, 
signal processing, beacon generation, beacon detection, bea 
con measuring, connection comparisons, connection imple 
mentations. In some embodiments various features are 
implemented using modules. Such modules may be imple 
mented using software, hardware or a combination of Soft 
ware and hardware. Many of the above described methods 
or method steps can be implemented using machine execut 
able instructions, such as Software, included in a machine 
readable medium Such as a memory device, e.g., RAM, 
floppy disk, etc. to control a machine, e.g., general purpose 
computer with or without additional hardware, to implement 
all or portions of the above described methods, e.g., in one 
or more nodes. Accordingly, among other things, various 
embodiments are described to a machine-readable medium 
including machine executable instructions for causing a 
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machine, e.g., processor and associated hardware, to per 
form one or more of the steps of the above-described 
method(s). 
0.111) Numerous additional variations on the methods and 
apparatus described above will be apparent to those skilled 
in the art in view of the above descriptions. Such variations 
are to be considered within scope. The methods and appa 
ratus of various embodiments may be, and in various 
embodiments are, used with CDMA, orthogonal frequency 
division multiplexing (OFDM), and/or various other types 
of communications techniques which may be used to pro 
vide wireless communications links between access nodes 
and mobile nodes. In some embodiments the access nodes 
are implemented as base stations which establish commu 
nications links with mobile nodes using OFDM and/or 
CDMA. In various embodiments the mobile nodes are 
implemented as notebook computers, personal data assis 
tants (PDAs), or other portable devices including receiver/ 
transmitter circuits and logic and/or routines, for implement 
ing the methods of various embodiments. 
What is claimed is: 

1. A method of operating a first base station in a multiple 
access wireless communications system including a plural 
ity of base stations, each of said plurality of base stations 
including at least one base station attachment point, the 
method comprising: 

receiving second base station loading factor information 
indicative of loading of a second base station attach 
ment point corresponding to a second base station; and 

broadcasting at least some of said received second base 
station loading factor information. 

2. The method of claim 1, 
wherein said second base station is physically adjacent 

said first base station; and 
wherein receiving second base station loading factor 

information includes receiving said second base station 
loading factor information over a backhaul link 
between said first and second base stations. 

3. The method of claim 1, 
wherein said second base station is physically adjacent 

said first base station; and 
wherein receiving second base station loading factor 

information includes receiving said second base station 
loading factor information from a mobile communica 
tions device which received said second base station 
loading factor information over a wireless communi 
cations link with said second base station. 

4. The method of claim 1, further comprising: 
determining a first uplink loading factor indicative of 

uplink loading for a first base station attachment point, 
said first base station attachment point corresponding to 
the first base station; and 

transmitting, using a downlink broadcast communications 
channel, said first uplink loading factor in addition to 
said at least some second base station loading factor 
information, wherein said at least Some second base 
station loading factor information includes a second 
uplink loading factor corresponding to said second base 
station attachment point. 
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5. The method of claim 4, further comprising: 
receiving from a first wireless terminal a first uplink 

interference report; 
receiving from a second wireless terminal a second uplink 

interference report; 
determining uplink resource allocation as a function of 

said received first and second uplink interference 
reports. 

6. The method of claim 5, wherein said first and second 
uplink interference reports are a function of said transmitted 
first and second uplink loading factors. 

7. The method of claim 6, further comprising, 
prior to receiving the first uplink interference report, 

broadcasting a first broadcast signal; and 
wherein said first uplink interference report is a function 

of a received power level measured by the first wireless 
terminal of said first broadcast signal, the first uplink 
loading factor, a received power level measurement by 
the first wireless terminal of a second broadcast signal 
from the second base station, and the second uplink 
loading factor. 

8. The method of claim 7, wherein said first broadcast 
signal from the first base station is one of a beacon and a 
pilot channel signal, and wherein said second broadcast 
signal from the second base station is one of a beacon and 
a pilot channel signal. 

9. The method of claim 5, wherein determining uplink 
resource allocation as a function of said received first and 
second uplink interference reports includes scheduling traf 
fic channel segments. 

10. The method of claim 5, wherein determining uplink 
resource allocation as a function of said received first and 
second uplink interference reports includes initiating a hand 
off of the first wireless terminal from said first attachment 
point to said second attachment point. 

11. The method of claim 5, further comprising 
receiving, via a backhaul link, a third uplink loading 

factor indicative of uplink loading for a third base 
station attachment point, said third base station attach 
ment point corresponding to a third base station, said 
third base station being adjacent said base station; and 

transmitting using a downlink broadcast communications 
channel said third uplink loading factor, wherein said 
first and second uplink interference reports have been 
determined as a function of said transmitted first, 
second, and third uplink loading factors. 

12. The method of claim 5, further comprising 
receiving, via a backhaul network, a third uplink loading 

factor indicative of uplink loading for a third base 
station attachment point, said third base station attach 
ment point corresponding to said second base station, 
said second and third base station attachment points 
corresponding to different sectors of said second base 
station; and 

transmitting using a downlink broadcast communications 
channel said third uplink loading factor, wherein said 
first and second uplink interference reports have been 
determined as a function of said transmitted first, 
second, and third uplink loading factors. 
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13. The method of claim 5, wherein said first base station 
transmits uplink loading factors in accordance with a down 
link transmission recurring schedule, wherein said first base 
station allocates uplink segments to said first wireless ter 
minal to transmits uplink interference reports in accordance 
with a recurring uplink schedule, and wherein uplink inter 
ference reports from said wireless terminal are scheduled to 
be received at a higher frequency than an uplink loading 
factor corresponding to an attachment point is scheduled to 
be transmitted. 

14. The method of claim 5, wherein the first and second 
interference reports are beacon ratio reports. 

15. The method of claim 9, wherein broadcasting at least 
Some of said received second base station loading factor 
information includes: 

transmitting said at least some second base station loading 
factor information using orthogonal frequency division 
multiplexing signals. 

16. A first base station for use in a multiple access wireless 
communications system including a plurality of base sta 
tions, each of said plurality of base stations including at least 
one base station attachment point, the first base station 
comprising: 

a first receiver for receiving second base station loading 
factor information indicative of loading of a second 
base station attachment point corresponding to a second 
base station; and 

a transmitter module for broadcasting at least some of said 
received second base station loading factor informa 
tion. 

17. The first base station of claim 16, 

wherein said second base station is physically adjacent 
said first base station; and 

wherein said first receiver is a network interface receiver 
for receiving second base station loading factor infor 
mation via a backhaul link between said first and 
second base stations to which said first receiver is 
coupled. 

18. The first base station of claim 16, 

wherein said second base station is physically adjacent 
said first base station; and 

wherein said first base station further includes a wireless 
receiver for receiving second base station loading fac 
tor information from a mobile communications device 
which received said second base station loading factor 
information over a wireless communications link with 
said second base station. 

19. The first base station of claim 16, further comprising: 
an uplink loading factor determination module for deter 

mining a first uplink loading factor indicative of uplink 
loading for a first base station attachment point, said 
first base station attachment point corresponding to the 
first base station. 

20. The first base station of claim 19, further comprising: 

a wireless receiver for receiving from a first wireless 
terminal a first uplink interference report and for 
receiving from a second wireless terminal a second 
uplink interference report; and 
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a resource allocation module for allocating uplink 
resources as a function of said received first and second 
uplink interference reports. 

21. The first base station of claim 20, further comprising: 
a memory for storing received loading factor information 

and said first and second uplink interference reports, 
said first and second uplink interference reports being 
a function of said transmitted first and second uplink 
loading factors. 

22. The first base station of claim 21, further comprising: 

at least one of a beacon module and pilot module for 
controlling the generation of at least one of beacon and 
pilot channel signals to be broadcast as a first broadcast 
signal; and 

wherein said first uplink interference report is a function 
of a received power level measured by the first wireless 
terminal of said first broadcast signal, the first uplink 
loading factor, a received power level measurement by 
the first wireless terminal of a second broadcast signal 
from the second base station, and the second uplink 
loading factor. 

23. The first base station of claim 19, wherein said first 
and second base station include multiple sectors and wherein 
said second base station attachment point corresponds to one 
carrier of one sector of said second base station. 

24. The first base station of claim 19, wherein said 
transmitter module includes an orthogonal frequency divi 
sion multiplexing transmitter. 

25. A first base station for use in a multiple access wireless 
communications system including a plurality of base sta 
tions, each of said plurality of base stations including at least 
one base station attachment point, the first base station 
comprising: 

first receiver means for receiving second base station 
loading factor information indicative of loading of a 
second base station attachment point corresponding to 
a second base station; and 

transmitter means for broadcasting at least some of said 
received second base station loading factor informa 
tion. 

26. The first base station of claim 25, 

wherein said second base station is physically adjacent 
said first base station; and 

wherein said first receiver means is a network interface 
receiver for receiving second base station loading fac 
tor information via a backhaul link between said first 
and second base stations to which said first receiver is 
coupled. 

27. The first base station of claim 25, 

wherein said second base station is physically adjacent 
said first base station; and 

wherein said first base station further includes wireless 
receiver means for receiving second base station load 
ing factor information from a mobile communications 
device which received said second base station loading 
factor information over a wireless communications link 
with said second base station. 
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28. The first base station of claim 25, further comprising: 
uplink loading factor determination means for determin 

ing a first uplink loading factor indicative of uplink 
loading for a first base station attachment point, said 
first base station attachment point corresponding to the 
first base station. 

29. The first base station of claim 28, further comprising: 
wireless receiver means for receiving from a first wireless 

terminal a first uplink interference report and for 
receiving from a second wireless terminal a second 
uplink interference report; and 

resource allocation means for allocation uplink resources 
as a function of said received first and second uplink 
interference reports. 

30. The first base station of claim 29, further comprising: 
memory means for storing received loading factor infor 

mation and said first and second uplink interference 
reports, said first and second uplink interference reports 
being a function of said transmitted first and second 
uplink loading factors. 

31. The first base station of claim 28, wherein said first 
and second base station include multiple sectors and wherein 
said second base station attachment point corresponds to one 
carrier of one sector of said second base station. 

32. The first base station of claim 28, wherein said 
transmitter means includes an orthogonal frequency division 
multiplexing transmitter. 

33. A computer readable medium embodying machine 
executable instructions for controlling a first base station in 
a multiple access wireless communications system including 
a plurality of base stations to implement a method, the 
method comprising: 

received second base station loading factor information 
indicative of loading of a second base station attach 
ment point corresponding to a second base station; and 

broadcasting at least some of said received second base 
station loading factor information. 

34. The computer readable medium of claim 33, wherein 
said second base station is physically adjacent said first base 
station; the computer readable medium further embodying 
machine executable instructions for: 

receiving said second base station loading factor infor 
mation over a backhaul link between said first and 
second base stations as part of said step of receiving 
second base loading factor information. 

35. The computer readable medium of claim 33, wherein 
said second base station is physically adjacent said first base 
station; the computer readable medium further embodying 
machine executable instructions for: 

receiving said second base station loading factor infor 
mation from a mobile communications device which 
received said second base station loading factor infor 
mation over a wireless communications link with said 
second base station, as part of said step of receiving 
second base station loading factor information. 

36. The computer readable medium of claim 33, further 
embodying machine executable instructions for: 

determining a first uplink loading factor indicative of 
uplink loading for a first base station attachment point, 
said first base station attachment point corresponding to 
the first base station; and 
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transmitting, using a downlink broadcast communications 
channel, said first uplink loading factor in addition to 
said at least some second base station loading factor 
information, wherein said at least some second base 
station loading factor information includes a second 
uplink loading factor corresponding to said second base 
station attachment point. 

37. The computer readable medium of claim 36, further 
embodying machine executable instructions for: 

receiving from a first wireless terminal a first uplink 
interference report; 

receiving from a second wireless terminal a second uplink 
interference report; and 

determining uplink resource allocation as a function of 
said received first and second uplink interference 
reports. 

38. A base station operable in a communications system, 
the base station comprising: 

a processor configured to: 
control reception of second base station loading factor 

information indicative of loading of a second base 
station attachment point corresponding to a second 
base station; and 

control broadcasting of at least Some of said received 
second base station loading factor information. 

39. The base station of claim 38, wherein said second base 
station is physically adjacent said first base station; the 
processor further configured to: 

control reception of said second base station loading 
factor information over a backhaul link between said 
first and second base stations as part of said control of 
reception of second base station loading factor infor 
mation. 
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40. The base station of claim 38, wherein said second base 
station is physically adjacent said first base station; the 
processor further configured to: 

control reception of said second base station loading 
factor information from a mobile communications 
device which received said second base station loading 
factor information over a wireless communications link 
with said second base station, as part of said control of 
reception of second base station loading factor infor 
mation. 

41. The base station of claim 38, wherein the processor 
further configured to: 

determine a first uplink loading factor indicative of uplink 
loading for a first base station attachment point, said 
first base station attachment point corresponding to the 
first base station; and 

control transmission, using a downlink broadcast com 
munications channel, of said first uplink loading factor 
in addition to said at least some second base station 
loading factor information, wherein said at least some 
second base station loading factor information includes 
a second uplink loading factor corresponding to said 
second base station attachment point. 

42. The base station of claim 41, wherein the processor 
further configured to: 

control reception from a first wireless terminal of a first 
uplink interference report; 

control reception from a second wireless terminal of a 
second uplink interference report; and 

determine uplink resource allocation as a function of said 
received first and second uplink interference reports. 


